regions. In the tropics, average nucleation rates in excess of 10 particles cm -3 s -1 were limited to the UT. In the subtropics, large average nucleation rates in excess of 1 particle cm -3 s -1 were obtained in the BL and in the UT, and average rates of about 10 -1 particles cm -3 s -1 were obtained for the rest of the troposphere.
. Note that in addition to the mean value for each parameter, the median, minimum, and maximum are also illustrated. Since the populations of many of the variables were non-Gaussian, the means and medians are often quite different. The values for RH encountered during the PEM-B flights were generally quite variable in both space and time. They ranged from less than 5% (even within the BL on occasion) to almost 100%. Moreover, median and average values showed some significant differences at MT and UT altitudes. (As we shall illustrate later, this variability in RH had a major impact on the rates of nucleation calculated in our model.) Despite the large range of RH encountered during the PEM-B flights the average RH profiles for each of the latitude domains were quite similar. The largest RH values were found in the BL (•0 70% in the tropical regime and 60% in the subtropical and temperate regimes). Average MT values were about 20% in the subtropical and temperate regimes and somewhat less (i.e., 5-10%) in the tropical regime. In the UT, average RH was about 25% in the tropical and temperate regimes and about 10% in the subtropical regime.
In contrast to the profiles for RH the profiles for temperature, T, illustrated in Table 1 indicate a more modest range in the values encountered within each latitude regime but more significant differences between latitude regimes. Generally, the temperatures encountered within each altitude layer in the temperate regime were about 150 to 20øC lower than those encountered in the tropical and subtropical regimes. For example, note in Table 1 that BL temperatures in the tropics ranged from 10 ø to 30øC, while for the subtropical region this interval was between 50 and 20øC. At the temperate latitudes, however, BL temperatures ranged from about -200 to 10øC. The cold temperatures encountered in the temperate latitudes will be shown to have a major impact on the nucleation rates inferred by our model calculations for this regime. The relationship between No.o•-2 and N½oarse is also noteworthy. In many cases, and especially in the UT, a strong anticorrelation between these two variables was seen. One example is given in Figure 4a (for a detailed discussion, see Taleb et al. [1996] ).
SOu vertical profiles generally show decreasing val-
One of the interesting aspects of this formulation is the altitude dependence it produces for n*. In the UT, because of the low temperatures and relative humidities, n* is on average about 2 (see, for instance, the discussion of Laaksonen and Kulmala [1991] on formation of hydrates at low temperatures), while in the tropical BL it is typically closer to about 8. As a result, for a given rate of H2SO4 production, new particle formation will be more likely to occur in the UT than in the BL, according to the classical theory. Similarly, in the BL, new particles will be favored when low temperatures and high relative humidities occur.
For comparison, we plot the nucleation rate versus altitude, for standard profiles of RH and temperature and for the H2SO4 as given by Laaksonen and Kulmala CONDo, the loss of H2SO4 by condensation on newly formed particles, is calculated by using a formulation similar to that of equation (9). For simplicity we assume that the distribution of newly formed particles is monodisperse with a radius given by its critical radius, r*. The number density, n•, of newly formed particles is calculated by using the equations described below. 
Time ( Table 1 ). The concentration profiles for H2SO4 are illustrated in Figures 12a, 12b and 12c . Here again we find a decreasing trend with altitude, with average concentrations of about 106-107 molecules cm -a in the BL and about 104-106 molecules cm -a in the UT. Note in the figures that for both the H2SOq production rate and H2SOq concentration, regions exist in which there are significant differences between the "average inputs," "median inputs," and "average" profiles. These differences are caused by the non-Gaussian distributions in the input data and the nonlinear dependence of the H2SOq production rate and concentration on these data.
The profiles for J are presented in Figures 13a, 13b and 13c. As was indicated by our discussion of the time series plots from flights 7 and 17, the largest nucleation rates (i.e., of the order of i to 102 particles cm -a s -•) tended to occur in the temperate latitudes.
Moreover, these large rates of nucleation in the temperate latitudes tended to be distributed throughout the troposphere. In the subtropical latitudes, large values for J using "average inputs" and the "average" value were also obtained in the BL. In the tropical region, relatively small nucleation rates (i.e., <10 -x particles cm -a s -•) were found throughout the troposphere. An important aspect of our results relates to the differences obtained between the various average profiles illustrated in Figure 13 . Note that in those regions in which the nucleation rate tends to be smallest (i.e., the tropical BL and MT and the subtropical MT), major differences exist between the "average inputs," "median inputs," and "average" profiles. Examination of the input data indicates that the largest nucleation rates calculated for these regions occur in a small number of samples (sim- 
28,528 ANDRONACI-IE ET AL.' GAS-TO-PARTICLE CONVERSION OF SULFUR: PEM-WEST

Roles of Atmospheric Parameters In Driving Large-and Small-Scale Variability in J
The data from the PEM-B flights provides a database with a wide range of conditions, both physical and chemical, and this has led to large variations in J, the calculated homogeneous nucleation rate. These variations were found to occur on the largescale (i.e., from one latitude regime to another) as well as on the small scale (i.e., nucleation bursts within a given latitude regime). In this section we will attempt to identify those parameters in the P EM-West B database that are most critically responsible for the variability in J. We begin with a consideration of the large-scale variability. In Figures 17a, 17b, and 17c To identify the parameters causing the enhanced nucleation calculated in the subtropical and tropical latitudes, we adopted a different approach. We first isolated the individual data points deemed to represent incidents of significant nucleation.
These were taken to be all data points from the subtropics and tropics with z<8 km in which J>0.001 particles cm -a s -• (see Figure 14) . Using these criteria, we were able to identify 277 individual nucleation events. From these 277 data points we then investigated the relationships between the calculated J values and the deviations of T, RH, Xso•, and As, the aerosol surface area, from their average values. We define the deviation in parameter x as
where Xi is the value of x for the ith data point and < x > is the average x for the appropriate latitude and altitude regime. The results of our analysis are presented in two forms. In Figure 18 , we present the cumulative frequency distribution in the deviation in T, RH, Xso•, and As over the 277 data points and in Figures 19a, 19b, 19c , and 19d we show the scatterplots between J and each of the deviations. 
Sensitivity of Results to Model
Parameters
In this section we examine the sensitivity of our calculations to four uncertain model parameters' F, the correction factor of the classical homogeneous nucleation rate; c•, the accommodation coefficient for H2SO4; the calculated OH concentration; and the concentration of preexistent atmospheric aerosol, N. In each case, "median inputs" profiles for relevant model calculated variables from the standard model are compared with profiles in which a given parameter is allowed to vary over a prescribed range of uncertainty. Figures 20a and 20d, tropical regime; Figures 20b and 20e, subtropical regime, and Figures 20c and 20f, temperate regime) . Pacific Ocean during winter. It is therefore perhaps more useful to consider how the natural variability in the observed data affected the magnitude and variability in the inferred nucleation rate. In this regard we found that variations in T were primarily responsible for the large-scale variations in the nucleation rate inferred for each of the latitude regions, while variations in i•H, aerosol surface area, and SO2 concentrations were largely responsible for enhanced nucleation rates calculated over the tropical and subtropical regions. Perhaps even more important, our calculations indicate that in regions in which homogeneous nucleation is dominated by these enhanced small-scale events, approaches that infer nucleation rates using average or typical atmospheric conditions (e.g., most photochemical box models and chemical transport models) will grossly underestimate the actual average homogeneous nucleation rate. Thus it would appear that prognostic models for homogeneous nucleation in the remote atmosphere will require new parameterizations that couple spatial and temporal variability in atmospheric meteorological and chemical parameters to sulfate nucleation rates.
